Introduction
Anemia is a common complication in patients with chronic kidney disease (CKD), particularly in hemodialysis (HD) patients.
Anemia contributes to symptoms such as fatigue, dyspnea, reduced exercise tolerance, depression, and cardiovascular consequences (e.g., left ventricular hypertrophy) [1] . Anemia is also associated with increased rates of hospitalization and mortality in patients with CKD [2, 3] . Many studies have shown the beneficial effects of anemia treatment such as improved quality of life; protection against cardiovascular disease [4] ; and reduced mortality, morbidity, and hospitalization rates [5] in patients with CKD. Until 2 decades ago, the mainstay of treatment was blood transfusion and the administration of androgenic anabolic steroids. Since the introduction of erythropoiesis-stimulating agents (ESAs) in the late 1980s, treatment modalities have undergone profound changes, which have made it possible to achieve desirable hemoglobin (Hb) levels in patients with CKD. As a result, the mean Hb and hematocrit (Hct) levels in patients with CKD, particularly patients on hemodialysis, increased steadily through 2007 in the United States [6] and through 2006 in Korea [7] .
In recent decades, many observational studies and interventional trials have been performed to define the target level of Hb in patients with CKD. Several guidelines for anemia treatment from international groups and various countries have been revised for patients with CKD. However, controversy exists over the optimal level of anemia correction. In addition, there are no guidelines for the care of Korean patients with CKD-most Korean nephrologists use international guidelines, [e.g., the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines] [8] or Kidney Disease: Improving Global Outcomes (KDIGO) guidelines [9] . The current recommended target Hb level may not optimize survival in Korean patients with CKD, particularly in patients with end-stage renal disease (ESRD).
In view of the current controversy over the target Hb level in patients with CKD and because of ethnic differences in anemia in various regions of the world, reporting results from Korean HD patients can serve as a complementary guide for clinical nephrologists and as a preliminary study for future work up. We conducted the present study, and adjusted for potential confounders and laboratory values over time, to investigate the association between Hb levels and mortality in a cohort of Korean HD patients from dialysis clinics in western Seoul.
Methods

Patients
This study was a multicenter prospective observational study of maintenance HD patients. It was performed using a cohort from 10 dialysis clinics in western Seoul between September 2006 and September 2011. We included patients who were older than 18 years and had been on HD for43 months in September 2006. Patients with malignancies were excluded. All patients underwent conventional HD for 4 hours per session three times per week with synthetic membranes. We gathered data every 6 months for 5 years from September 2006 to September 2011. This study was approved by the Institutional Review Board of the Clinical Research Institute at Korea University Guro Hospital (Seoul, Korea). All patients provided informed consent.
Clinical assessment
We investigated baseline demographic and clinical data such as age, gender, presence of diabetes mellitus (DM), and body mass index (BMI) at the time of enrollment. Laboratory data such as Hb, iron metabolism indices (e.g., serum iron, total iron binding capacity, transferrin saturation, and serum ferritin), serum albumin, serum creatinine, serum calcium, serum phosphorus, intact parathyroid hormone (iPTH), and the single pool dialyzer clearance (Kt) per volume (V) of fluid (spKt/V) values were obtained at the commencement of the study, and then every 6 months during the follow-up period. For variables measured monthly, up to three consecutive repeated measures in each session (6-month intervals) were averaged to obtain one semiannual mean value and to mitigate the effect of short-term variations. For variables such as iPTH and spKt/V that were measured at 3-month intervals, all available repeated measures in each session were used. Each patient consequently may have had up to 10 repeated and semiannual varying values for each measure during the 5-year observation period. Observations with a missing value for any measure were excluded from the analysis. We identified patients who received kidney transplantation, changed to peritoneal dialysis, or were transferred permanently to other clinics. We included only available data from these patients.
The ESA doses were adjusted in accordance with the national reimbursement policy of health insurance in Korea, which only financially supports the use of ESAs to treat anemia in dialysis patients with a Hb levelr11 g/dL [10] . All-cause mortality within a particular session was also assessed as an outcome variable.
We divided the Hb values into six groups: (1) Hbo9 g/dL; (2) 9 g/dLrHbo10 g/dL; (3) 10 g/dLrHb o11 g/dL; (4) 11 g/dL rHbo12 g/dL; (5) 12 g/dLrHbo13 g/dL; and (6) HbZ13 g/dL). A Hb level of 10-11 g/dL was the reference value.
Statistical analysis
We performed descriptive analysis to assess the baseline characteristics of the study population. All results, except for the iPTH values, are presented as the mean7the standard deviation. Because the range of iPTH was so broad, it is presented as the median of the 25 th and 75 th percentile values. The generalized estimating equation with exchangeable correlation structure was used to investigate its association between the variables and mortality because the laboratory values measured at different time points in the same person were correlated. To identify factors influencing mortality, univariate analysis was performed for each demographic and laboratory variable. Multivariate analysis was performed to calculate the odds ratio of mortality, based on the semiannual Hb level. Adjustment was performed for significant variables in univariate analysis, and performed for other variables that affect survival or the Hb level such as gender, BMI, and iron metabolism indices. Four models were examined, based on the level of multivariate adjustment: (1) the unadjusted base model (Model 1), which included Hb as the predicting variable and all-cause mortality as the outcome variable; (2) Model 2, which included adjustments for patient demographics (i.e., age, sex, presence of DM, BMI); (3) Model 3, which included adjustments for spKt/V, iron metabolism indices (i.e., ferritin, transferrin saturation), and the variables in Model 2; and (4) Model 4, which included adjustments for serum creatinine, serum albumin, serum phosphate, serum calciumphosphorus products, and the variables in Model 3. All laboratory data were included as time-varying covariates with up to 10 semiannual averaged values per variable per patient.
All descriptive and multivariate statistics were performed with SAS software, version 9.1 (SAS Institute Inc., Cary, NC, USA). Statistical significance was defined as Po0.05.
Results
Study population
This study included 362 patients who were treated at 10 clinics in western Seoul in September 2004. The overall follow-up time was 1,162 patient-years. There were 95 (26.2%) deaths, which is a death rate of 8.2 per 100 patient-years. The unadjusted analysis (i.e., Model 1) included 2,277 patient sessions, and the final analysis (i.e., Model 3) included 1,119 patient sessions. Table 1 shows the demographic characteristics and basal laboratory variables of the study population. The mean age was 58.4712.8 years, and the proportion of male patients (54.2%) was slightly larger than that of female patients (45.8%). The mean BMI was 21.773.3 kg/m 2 . One hundred and thirtyfive (37.3%) patients were diagnosed as having DM. Fig. 1 shows the frequency distribution of the average Hb per patient session. The most common hemoglobin level (42.2%) was 10-11 g/dL. The second most common Hb level (24.9%) was 9-10 g/dL. Nearly 67.1% of patient sessions were associated with a Hb level of 9-11 g/dL.
Analysis of factors affecting patient survival
After adjusting for Hb level, the risk analysis of relevant variables showed that age, presence of DM, serum creatinine, serum albumin, serum phosphorus, and calcium-phosphorus products had a statistically significant influence on the odds ratio of mortality (Table 2) . However, gender, BMI, iron metabolism indices, serum calcium, and iPTH had no significant effect. A young age, absence of DM, higher serum creatinine, and high serum albumin were associated with lower mortality. Higher serum phosphorus and calciumphosphorus products seemed to be associated with better survival. However, the association was no longer significant after additional adjustments for age, BMI, serum creatinine, and serum albumin (Table 3) . 
Association of Hb with patient survival
An association between the semiannual average Hb value and mortality within the same session was analyzed using the generalized estimating equation model (Table 4) . A Hb level of 10-11 g/dL was selected as the reference group. The base model (i.e., Model 1) did not include adjustments for demographics or laboratory values. Additional models included adjustment for demographics and relevant variables. Model 4 was adjusted in the same manner as Model 3 and adjusted for variables that had a significant influence on the odds ratios of mortality, based on the Hb level ( Table 2) .
Using Models 1 and 2, a Hb level of 10-11 g/dL had a lower mortality odds ratio than a Hb level of 11-12 g/dL. In Model 3, the lowest mortality odds ratio-other than that of the group with a Hb level 4 13 g/dL-was observed in the Hb 10-11 g/dL group. Model 4 showed similar results, except that comparing the Hb 10-11 g/dL group with the Hbo9 g/dL group did not show a statistically significant difference.
Adjusting the demographic and laboratory values to those of the base model resulted in changes in the mortality odds ratio within Hb groups. However, the trend toward the Hb 10-11 g/dL group having lower mortality than groups with Hb levelo13 g/dL was maintained in all multivariate analyses (Fig. 2) .
Discussion
In a cohort of 362 Korean HD patients, we prospectively collected repeated measures of laboratory values and assessed the 6-month mortality risk associated with the Hb level. We demonstrated that a Hb level of 10-11 g/dL (i.e., the reference range) was associated with the lowest mortality risk among the groups with Hb levelso13 g/dL. In all models, a Hb level Z13 g/dL was also associated with lower mortality than the other Hb groups, except for the reference range group; however, this result was not statistically significant.
Several variables such as age, presence of DM, and dialysis adequacy, which were considered to have an effect on survival, were adjusted for in Models 2 and 3. Iron metabolism indices associated with the Hb level were also adjusted for in Model 3. The repeated measures that had a significant influence on mortality were used for the cumulative adjustment in Model 4 ( Table 2 ). These measures were indicators of malnutrition and inflammation and have been associated with important outcomes in dialysis patients in previous studies [11, 12] .
The confounding effects of these variables and their changes over time may be controlled for by adjustment. In our results, the association between the Hb level and mortality were not attenuated by adjusting for potential confounding factors. Early observational studies from 1993 to 1999 showed an association between a low Hct level and increased mortality in long-term dialysis patients, but showed no association between increased mortality and a Hct value greater than the reference group (i.e., Hct 33-36% or Hct 36-39%) [2, 13] . At that time, very few patients achieved a Hb level 412 g/dL, and erythropoietin use was much less frequent than its use in the 2000s.
In the early 21 st century, two observational longitudinal studies by Regidor et al [14] and by Messana et al [15] investigated the association between Hb/Hct level and mortality in long-term HD patients by repeated measures. These studies showed that a Hb level of 12-13 g/dL and a Hct level of 36-39% were associated with the greatest survival, after adjusting for demographics, comorbidities, and time-varying laboratory measures or medications. In these studies, Hb and Hct levels less than or greater than the greatest survival range (i.e., Hb o12-13 g/dL and Hct 436-39%) were associated with an increased mortality risk. In the study by Regidor et al [14] , most (93%) patients received ESAs, and patients who received ESAs had Hb levels similar to patients who did not receive ESAs (mean Hb, 12.071.3 g/dL versus 12.371.5 g/dL, respectively) [14] . The study by Messana et al [15] showed that ESAs were administered in more than 99% of patient sessions in which patients had a Hb level 4 13 g/dL [15] . These two studies indicate that Hb levels 4 13 g/dL may be achieved through ESA therapy.
Several studies have suggested that a greater ESA dose at higher Hb/Hct levels was associated with an elevated mortality risk [16, 17] . However, an independent association between the dose of ESAs or ESA hyporesponsiveness and survival remain to be determined [18] .
In our study, Hb levels of 11-13 g/dL were associated with a higher mortality risk, compared to the reference group. However, Hb levels413 g/dL did not show a statistically significant result. Hemoglobin levels Z13 g/dL were found in only 46 measures, which is approximately 2% of the total patient sessions. This count may have been too small to show a statistical significance.
In all models, the group with a Hb level Z13 g/dL was also associated with lower mortality, compared to the other Hb groups, except for the reference range group. However, this result was not statistically significant. Thirty-seven (80.43%) measures among Hb levels Z13 g/dL had a previous measure of Hb4 11 g/dL. Nearly all of these Hb levels may be achieved naturally without ESA therapy, with regard to the national reimbursement policy of health insurance in Korea [10] . In recent studies, a normal Hb level ( 4 13 g/dL or 412 g/dL) that was not achieved by ESA was not a risk factor for mortality in patients with CKD [18, 19] .
In contrast to the results of early observational studies, the results of several randomized controlled trials (RCTs) using ESAs for different target Hb levels have repeatedly demonstrated an increased risk of mortality or no benefit on mortality or cardiovascular events in patients treated to achieve higher Hb level [20] [21] [22] [23] . These RCTs compared similar Hb groups with a high Hb target of 13.0-15.0 g/dL and a low Hb target of 9.0-11.5 g/dL.
Based on these results, the United States Food and Drug Administration (FDA) in 2011 modified recommendations for the dosing of ESAs in patients with CKD [24] . The new ESA label recommends starting ESA when a Hb level iso10 g/dL and using the lowest possible ESA dose required to reduce the need for transfusions.
Several guidelines from international groups and various countries are currently being updated. The guidelines propose a Hb level of 10-12 g/dL as the target range. The optimal Hb target in patients with CKD remains unclear; however the Hb target range is lower than the range used in the past (Table 5) .
This study was a longitudinal observational study that calculated semiannual averaged Hb values and mortality in the same session. The Hb range with the lowest mortality (10-11 g/dL) was lower than the Hb target in the KDOQI guidelines [8] , but was in correspondence with the recent trend toward a lower Hb target.
This study has several limitations. First, because we conducted an observational study, the findings presented in this report do not reflect a cause-and-effect relationship, but only reflect associations. Therefore, we cannot rule out the possibility that such associations were influenced by unmeasured factors that contribute to anemia and survival such as underlying comorbidities or inflammation. Figure 2. Association between hemoglobin level and risk of all-cause mortality in the study population. n Indicates a significant value (P o0.05). Second, our study enrolled a small number of patients, compared to other studies. Previous observational studies mentioned in this paper included at least 40,000 patients, compared to our 362 patients [2, [13] [14] [15] .
Because of the discrepancy of the KDOQI guidelines [8] and the reimbursement policy of Korea, ESAs were discontinued and reinstituted frequently [25] . A third limitation therefore is that it was difficult to identify exact ESA doses and thus they were not reported in this study.
Fourth, with the exception of DM, underlying diseases were not included in the analysis.
Fifth, among variables that had a significant influence on mortality (Table 2) , the results of serum phosphorus and calcium-phosphorus products were inconsistent with previous findings [11, 26] . The results were also not statistically significant after additional adjustments for nutritional parameters (Table 3 ). Therefore, it is possible that the influence of serum phosphorus and calcium-phosphorus products on mortality were caused by nutrition.
The strengths of our study are the following: (1) to the best of our knowledge, this is the first study in the 21 st century to investigate the association between the Hb level and mortality in a contemporary cohort of Korean HD patients and (2) several laboratory variables associated with patient outcome were studied in the form of repeated measures of longitudinal data. The Hb levels may change drastically over time, and the management of patients with CKD is based on periodic measurements of blood. Therefore, longitudinal measurement of Hb and laboratory values, rather than measurements at only one point in time, may provide additional insights.
In conclusion, we found that Hb levels of 10-11 g/dL were associated with the lowest mortality among groups with Hb levels o13 g/dL in Korean patients on maintenance HD. We could not define the optimal Hb level because of the observational nature and small sample size of our study; therefore, larger interventional trials are warranted to determine the optimal Hb target for Korean HD patients.
